Introduction
• Mechanisms to resolve consumer disputes have been a major focus of the call for alternative ways to deal with relatively small disputes. Considerable energy has been spent documenting the consequences of not having adequate means to resolve disputes between buyers and sellers (Best and Andreasen, 1977; Nader, 1979) . A fairly large literature has arisen that discusses the pros and cons of various attempts to deal with these problems. 1 Municipal, state, and federal agencies have made consumer dispute resolution a matter of policy interest. 2 A basic premise of our research is that to study the resolution of disputes properly, one must take into account the effect of the dispute resolution mechanism (DRM) on the actual occurrence of disputes and on the environment in which the original transactions take place. To do this, a theory in which disputes arise within the framework of the model is needed. Although it is often recognized that the nature of the DRM available if there is a dispute may well affect the likelihood of disputes as well as their ultimate outcomes, systematic analysis of such interactions is scarce. 3 We believe that an understanding of the interaction between DRM's and the environment in which they operate is essential if we are to answer questions about the desirability of encouraging or imposing particular types of DRM's.
The variety of buyer-seller disputes is enormous, ranging from those caused by false advertising and unfair sales practices to the collection of unpaid debts of credit card users. Our focus, however, is narrower. This article addresses a type of dispute that arises in conjunction with guaranteed products: disputes over warranty performance. Simply stated, a consumer seeks performance under a warranty contract and the seller refuses to perform. More specifically, our approach deals with warranties that insure the characteristics of a good or service at the time of sale. Most commonly, the characteristics in question are referred to as quality or durability. Warranties of this type exist because the buyer is unable to ascertain the relevant characteristics of the good before purchase. The warranty contract simply stipulates that the consumer will receive compensation if the characteristics of the good at the time of purchase are x and will not receive compensation if the characteristics of the good at time of purchase are not x.
A major problem arises in contracts of this sort. When a claim for compensation is made by the consumer, it may not be possible to observe without error whether the characteristics of the good or service at the time of sale were x. 4 This may render enforcement of the contract difficult, if not impossible. In such cases, one would expect disputes to arise naturally between buyers and sellers, with buyers seeking performance of the contract and sellers claiming that the contract does not apply. This difference of opinion can occur even when the seller is acting in good faith. In the model we present here, purely fraudulent behavior on the part of the seller is explicitly excluded. It is, then, a theory of "good faith" disputes.
To keep matters simple, we consider a good that can have only two possible quality levels-high or low. The seller sets a price and offers the good for sale under one of three possible warranty policies-no warranty, conditional warranty, or unconditional warranty. After purchase, a buyer observes a noisy signal about the quality of the unit, which provides (imperfect) information that the unit is either likely to be high quality or likely to be low quality. The buyer has a claim strategy or decision rule that maps the price, the warranty, and the noisy signal into a decision either to keep the unit as it is, to make a claim under the warranty, or simply to purchase a new unit.
Claim procedures are costly, so that if a buyer initiates a claim, he incurs some cost and imposes a (possibly different) cost on the seller. If a buyer makes a claim under a warranty, the seller observes a noisy signal (possibly different from that received by the buyer) about whether the warranty applies. If the seller decides on the basis of this information that the warranty does not apply, he refuses the claim, and we say that a dispute has occurred.
Although in some respects our framework for analyzing product quality, information, and warranties follows that of the recent economics literature, we deviate from the standard approach in an important way. In the usual models of warranties and product quality, either the buyer or the seller is assumed to be able to ascertain perfectly the quality of the product when a warranty claim is made. 5 There can be no good faith disputes in such markets-and, in fact, these models never consider the question of warranty performance. In our framework, use of the product may provide a buyer with more information about the quality of the good than he had at the time of purchase, but still does not yield perfect information about true quality. Similarly, inspection by the seller when a claim is made makes the seller more informed than he was before but still leaves some uncertainty. Consequently, disputes arise endogenously in our framework.
In the absence of relatively inexpensive ways to resolve such disputes, the seller's word is typically the last one. In Section 2 we analyze this "no DRM" situation and characterize market outcomes in the absence of any third-party mechanism to resolve disputes. We examine the following questions in the context of a simple model of a product market with warranties. What type of warranty will be offered? What will be the price? How is the price related to the warranty? When will disputes occur? How efficient are the market outcomes? The answers depend, in a systematic way, on such factors as production and transaction costs, buyer preferences, and the degree of information imperfections.
We explore this dependence in Section 3, and we illustrate it by characterizing the equilibrium as a function of underlying variables for a particular value of average product quality. We find that in equilibrium disputes will arise over a wide range of buyer preferences, production and inspection costs, and informativeness of buyer and seller signals about true quality. If inspection costs are very high, we find, not surprisingly, that warranties will not be offered. Although one might expect that warranty coverage is most extensive when inspection costs are very low, we find that this is not necessarily the case. Very low inspection costs can lead to an equilibrium in which no warranty is offered.
Section 4 extends the model in a natural way to include dispute resolution mechanisms to which buyers may appeal if disagreements arise. The arguments for various dispute resolution mechanisms are generally based on the expectation that such mechanisms will enhance the well-being of participants in the market. Our framework allows us to focus on many of the attributes that most writers on dispute resolution have deemed important characteristics of DRM's: cost, allocation of cost between parties, accuracy of outcome, and tendency to bias. 6 Through a number of examples, we highlight a surprisingly broad range of possible outcomes. We find that mechanisms for resolving disputes may indeed have significant effects on the warranty that is offered and the price at which the commodity is sold. These effects can result in either an increase or reduction of overall market efficiency, even if the DRM is procedurally "perfect." In particular, we find that 5 Recent contributions to the study of warranties when there are imperfections in information include Appelbaum and Scheffman ( 1980) , Courville and Hausman (1979) , Simon (1981 ) , and Spence (1977) , to name only a few. The models used by these authors are not set up in a way that allows examination of questions relating to buyer-seller disputes. In all these models, once a claim is made, all uncertainty is resolved. Hence there is no possibility for disputes to arise. Informational considerations focus on consumers' lack of knowledge or their "misperceptions" about average quality, and warranties are a means of raising buyers' estimates of average quality. This is in contrast to our model, in which buyer and seller both have the same (correct) information about average quality, but true quality is not fully known by either party when a claim is made. Enforcement of a warranty is, consequently, no longer a clear-cut matter.
The approach of Simon ( 1981) comes closest to ours. She allows the consumer to retain some uncertainty about seller liability before making a claim. In other respects, Simon's model is quite different from ours. For example, Simon has the warranty exogenously fixed by law and defined in terms of guaranteed average quality. Also, as with the other models, there is no possibility for disputes over the validity of a warranty claim.
6 See Johnson ( 1978) for a thorough discussion of these and other attributes of DRM's.
a DRM that is costless, perfectly accurate, and not biased in favor of either buyer or seller can reduce market efficiency, even though it may both reduce the number of disputes and increase the extent of warranty coverage offered by the seller in equilibrium. The reason for this conflict between procedural and efficiency considerations is that a DRM can have adverse incentive effects on buyer claim strategies. When this is the case, costly, inaccurate, and biased procedures may produce superior market performance. Because of such effects, a DRM cannot simply be evaluated on the basis of such intrinsic qualities as "fairness," accuracy, or direct cost to the disputing parties. Nor can these judgments be based only on whether a DRM causes a stronger warranty to be offered or how the likelihood of disputes is affected. 7 The article concludes with a section that briefly discusses some important aspects of the warranty framework and points toward possibilities for its further application and extension.
2. Warranty equilibrium without a mechanism to resolve disputes but in which disputes are possible
• Consider an environment in which a single seller faces a (potentially large) number of consumers. 8 The seller has access to or can produce unlimited quantities of a commodity at constant unit cost c. The quality of a given unit of this commodity is either high or low. The a priori probability that any unit is of high quality is exogenously fixed at t, and the probability of low quality is 1 -t. These probabilities are independent of the qualities of other units. We shall often refer to a high quality unit as "good" and to a low quality unit as "bad."
Buyers are assumed to be identical in their valuation of the commodity. Each buyer values (in dollar terms) a high quality unit at Vi and a low quality unit at V,. Without loss of generality, we shall assume that V, = 0.
Buyers and seller are risk neutral. This allows us to focus on those aspects of the problem that have to do with the information structure, rather than attitude toward risk.
Before a unit is purchased, neither buyer nor seller has any specific information about an individual unit's true quality, but the probability tis common knowledge to all parties. Once a buyer has purchased a unit, he gains some information about the true quality of the object. This is modeled in the following way. Upon purchasing a unit and using it for a short period of time, a buyer judges whether the quality is high, which will generate a stream of value over time equal to Vi, or low, which will generate a stream of value over time of 0. Sometimes this judgment is correct and sometimes it is wrong. The probability that the buyer judges quality correctly is q, and this probability is independent of true quality. 9 The buyer may return the object to the seller, in exchange for some form of compensation conditional on the quality of the unit. If an object is returned to the seller, the seller makes a judgment about the quality of the unit. As was the case with the buyer, 7 The central role of imperfect information on the parts of both buyers and seller should be self-evident at this point. For an excellent discussion and survey of general policy questions relating to consumer product markets when there is imperfect information, see Schwartz and Wilde ( 1979) . Although we do not consider the same set of specific issues they considered, very broadly speaking we do adopt a similar strategy for analyzing the problem. That is, our approach involves an examination of the interactions among: (a) market equilibrium (i.e., prices, qualities, and warranties); (b) informational considerations; (c) institutional environment (DRM's in our case); and (d) incentives generated for market participants. 8 The model may also be applied to competitive markets with many sellers. The monopoly case has the virtue of simplicity: it is a useful vehicle for displaying the framework.
9 More generally, we could allow the buyer to be more likely to err when true quality is high than when it is low, or vice versa. This involves only a notational modification of our framework.
the seller does not make perfect judgments. The probability that the seller judges a unit correctly is q-the same as the probability that the buyer makes a correct judgment. 10 Transaction costs are an important element of our model. We assume that in making a purchase the buyer incurs a shopping cost cb in addition to the price. Processing claims under a warranty typically involves the investment of time and valuable resources by both buyer and seller. To capture this, we introduce a return cost to the buyer, which we take to be equal to cb, and a claim cost to the seller, c,. Each time a buyer makes a claim, the buyer incurs cost cb and the seller incurs cost c,, regardless of the outcome of the warranty claim. Buyers and seller know all the probabilities, as well as the cost and value parameters. This completes the information structure in this model. A feature of this framework which differentiates it from previous literature on the subject is that it permits imperfect judgment of quality. Neither buyer nor seller is a perfect quality assessor. They make judgments independently of each other. Sometimes both are right, sometimes the buyer is right and the seller is wrong, sometimes the seller is right and the buyer is wrong, and sometimes both are wrong.
In this context, two types of warranty seem natural: money-back guarantees and replacement policies. With a money-back guarantee, the buyer is returned the purchase price of the unit if a claim is made and the seller agrees that the claim is a valid one. With a replacement policy the buyer is given a new unit if a claim is made and the seller agrees that the claim is a valid one. For each type of warranty we distinguish between an unconditional (which we refer to as "full") warranty and a conditional (which we refer to as "partial") warranty. With an unconditional warranty the seller always agrees that the buyer's claim is valid; there are "no questions asked." With a conditional warranty, the seller promises to perform only if the unit is a bad one. 11 The seller's behavior with conditional warranties is to inspect the unit if a claim has been made and then to honor the claim if the inspection tells the seller it is a bad unit but to refuse the claim if inspection indicates it is not a bad unit. 12 The probability that the seller finds a unit defective is determined by the probability q.
If the seller does replace a unit after a claim has been made, the original warranty offered with the first unit also applies to the new replacement unit. Thus, the whole procedure described above repeats itself until either the buyer is satisfied (i.e., does not make a claim) or the seller refuses a claim. This recursive structure is modeled explicitly in our analysis.
Given the assumptions of our model-especially the assumption that the quality of different units is drawn independently from a given (identical) distribution which is known to the buyer-it turns out that a money-back guarantee is essentially the same as a replacement policy. Suppose a buyer finds it advantageous to buy one unit, finds it defective, returns it, and gets his money back. Because of independence, there is no reason for him still not to find it advantageous to buy a second unit. Thus the buyer is indifferent between a replacement or a return of the purchase price. The seller is also indifferent between the two. In either case, the buyer will end up with a replacement and the seller will incur the unit production cost. Because of this essential equivalence, all of the subsequent analysis is done with reference to the replacement type of warranty.
We should point out that our formulation excludes the possibility that a seller might offer a warranty and then always refuse claims, regardless of the outcome of the inspection. Our primary intent is to focus on disputes that may emerge because of the imperfections of information, rather than on disputes resulting from purely fraudulent behavior. In the context of our model, unless a DRM exists, a warranty that was always refused would be a vacuous warranty. Since buyers are assumed to be aware of seller behavior, they would ascribe zero value to warranties that are never honored. Alternatively, we could interpret the seller's parameter q (which is known to buyer and seller alike) simply as a variable that characterizes the seller's behavior. Whether this represents "honest" perceptions is not particularly important. What matters is that buyer and seller both act as if this probability represents the seller's judgment of the quality of a returned unit.
D Definition of equilibrium. With this characterization of the market, we proceed as follows. A buyer takes the price of a unit of the commodity and the warranty policy (Full Warranty, Partial Warranty, or No Warranty) offered by the seller as given. He chooses the best response; i.e., the action that maximizes the expected value, net of transaction costs, he gets from this market. This involves a decision whether to buy and, if he buys, how to act under the warranty. The buyer's choices include: never return a unit; return regardless of his judgment about quality; return only if he perceives his unit to be of low quality; or discard the unit and repurchase. 13 These decisions generate a response function for a buyer. The seller takes this response function as given, and chooses the price and warranty policy that maximize the expected profit or seller's surplus-the difference between expected revenue and expected cost. We shall call the outcome of this interaction between buyer and seller the equilibrium in this market.
In addition to characterizing price and type of warranty, we are interested in the relative efficiency of the equilibrium. This involves looking at the total expected surplus that obtains. Naturally, there remain important distributional questions (who gets the expected surplus) that this focus on total expected surplus does not answer. D Calculation of buyer's expected valuations and seller's expected costs under different warranties. The buyer's expected valuations under various warranty policies can be derived quite readily. In the following expressions, we define these valuations as being gross of price-i.e., the buyer's expected surplus is equal to these valuations minus price. Equivalently, these expected valuations are, in each case, the most that a buyer would be willing to pay to buy the commodity ifhe were faced with the given warranty policy and followed the stated warranty claim strategy.
Five cases are of interest. We now define each case and for each one, we calculate the buyer's expected valuations. Denote the buyer's expected valuation in these cases as Vo, Vi, Vi, Vi, and Vi, respectively.
Because of the relatively simple recursive structure of our model, it is a straightforward 13 An equivalent way of interpreting a buyer's return strategy is to view it as a reservation (or "cutoff") level that specifies a minimum perceived quality below which the buyer will choose to return or to repurchase. The fact that, in our model, a high reservation level necessarily has the buyer returning the unit regardless of perceived quality is simply a result of the binary nature of the signal the buyer observes about quality. Returning a unit regardless of perceived quality should just be interpreted as having a high reservation level; never returning units as having a low reservation level; and returning only perceived bad units as having an intermediate reservation level.
exercise to write recursion formulas for these expected valuations and to solve them directly. It is useful to solve first for v, the buyer's expected valuation gross of shopping cost cb. In each case, then (1) Case (A) 
The first term is the value of consuming a high quality unit times the probability the purchased unit is correctly judged by the consumer to be high quality. The second term is the probability the unit is judged by the consumer to be low quality times the ex ante value ofa new unit net of the cost of repurchase, v1 -p -cb. The first term corresponds to the event "buyer perceives high quality and does not repurchase," while the second term corresponds to the event "buyer perceives low quality, discards unit, and buys a new unit."
Solving for V1 and taking Vi = V1 -Cb give:
. 
Case (C): Full Warranty. Buyer returns (i.e., makes a claim under the warranty) if he perceives low quality. ( V2). A recursive expression for v2 is
The first term in this expression is the same as the first term for the previous case. The second term, however, now has three components: a component corresponding to the event "seller replaces unit;" a component corresponding to the event "seller refuses claim;" and the return cost, cb. The first component is the probability that the seller perceives that the unit is low quality, conditional on the buyer perceiving that the unit is low quality,
times the values to the buyer of the replacement unit (v3). The second component is the probability that the seller correctly perceives that the unit is high quality, conditional on the buyer perceiving that the unit is low quality,
multiplied by the value of a good unit (Vi). Solving for V3 yields:
Case (E): Partial Warranty. Buyer always returns. (V4). The recursive expression for v4
is:
These three terms are, respectively, the return cost, cb: the expected value to the buyer if the seller refuses his claim; and the expected value to the buyer if the seller replaces the unit. Solving for Vi yields:
For each of these cases, we can use similar techniques to derive the expected costs to the seller. These valuations and costs are summarized in Table 1 .
The entries corresponding to "Full Warranty, Always Return," "No Warranty, Always Return," "No Warranty, Return Perceived Low Quality," "Partial Warranty, Never Return," and "Full Warranty, Never Return," are purposely omitted from the table. "Full Warranty, Always Return," yields infinite losses to both parties. "No Warranty, Always Return" and "No Warranty, Return Perceived Low Quality" are both dominated by "No Warranty, Never Return." Finally, "Partial Warranty, Never Return" and "Full Warranty, Never Return" are equivalent to "No Warranty, Never Return." Equilibria in these boxes either would be equivalent to other equilibria or would never occur. Table 1 also lacks entries for situations when, under a warranty, the buyer chooses to repurchase-i.e., discard a unit and buy a new one, either before, after, or instead of returning the original to the seller. It can be shown that this repurchase option is of no 
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12. consequence when the equilibrium involves a warranty. 14 Hence, the five cases of Table  1 cover all the interesting possibilities. In terms of Table 1 , equilibrium corresponds to the box that yields the seller highest expected profit subject to a very important constraint. If the seller offers a warranty, he cannot compel the buyer to follow a particular claim strategy. The buyer chooses the claim strategy that is in his own best interest-i.e., yields the highest expected value for the buyer. Figuratively, the seller chooses the column in Table 1 , but the buyer chooses the row, given the seller's choice of column and the seller's price. The seller takes this into account in formulating his warranty policy.
Under a Full Warranty, the highest price the seller can charge is
The maximum expected profit under a Full Warranty is
If a Partial Warranty is offered, the seller's expected profit depends on whether the buyer always returns or returns only units he thinks are bad. If the buyer always returns, then under a Partial Warranty the seller's maximum expected profit is
For values of q and t between 0 and 1, Consequently, the seller would always do better by offering a Full Warranty rather than a Partial Warranty if under the Partial Warranty the buyer would always return. As a result, "Partial Warranty, Always Return" cannot be an equilibrium. Thus, if a Partial Warranty is offered in equilibrium, the buyer would be choosing the "Return Perceived Bad Units" strategy. The seller would charge a price equal to Vi.
Consider next the situation when No Warranty is offered. The buyer would not return or repurchase (Vo > Vi) if and only if
If, however, p < fj, the buyer would opt to repurchase when he thinks he has a bad unit 
If the seller chooses the "No Warranty" policy, he has two options: charge price ft or P1:.ax > ft, depending on which leads to higher expected profit.
To summarize, the possible equilibrium price-warranty combinations are:
( There is, of course, also the uninteresting "No Sale" equilibrium (no strategy earns positive expected profit for the seller and nonnegative expected value for the buyer).
In the first three types of equilibrium, the seller captures all the expected surplus. In contrast, it is interesting that in the fourth type of equilibrium, the monopolist is forced to yield some expected surplus to the buyer, since ft < Vi for any t and q between 0 and 1. Which equilibrium prevails depends on the values of the parameters t, q, Vi, c, cb, and Cs.
For a given set of parameter values we can characterize the "efficient" outcome as the price-warranty combination that maximizes expected total surplus S: the sum of buyer's expected surplus and seller's expected profit. Some equilibria are efficient in this sense, while others are not. In particular, Full Warranty is never an efficient equilibrium when the seller's inspection cost c,, is positive. To see this, note that expected total surplus under Full Warranty is:
Under "No Warranty, Buyer Repurchases" (NR), expected total surplus is:
and, for Cs > 0,
Nevertheless, NR may not be an equilibrium, given individual maximization by seller and buyer.
In the next section, we illustrate these and other points by providing a complete characterization of warranty equilibrium for the case of t = .5. We also restrict our attention to cases in which q > .5; i.e., both buyer and seller are more likely to perceive quality correctly than to err.
3. Warranty equilibrium with t = .5 and q > .5
• With t = .5, the entries in Table 1 simplify nicely, so that this is a particularly easy case to analyze. (The qualitative relationships of this section apply for any t, but prices and the "boundaries" that separate warranty regimes depend on the value oft.) For expositional purposes it is useful to depict the price-warranty equilibria in terms of the various cost parameters. In Figures 1 through 3 , we fix the values of all parameters other than the buyer's transaction cost cb, and depict price-warranty combinations as a function of Cb.
There are three basic patterns of equilibria in this representation, according to whether
(a) Cs< (1 -q)Vi. In this case, the seller's inspection cost is relatively low; and for any cb, 11':;.ax > 11'~~, so that NR is never an equilibrium. When the buyer's return cost cb is low, the buyer is willing to pay a high price for a Full Warranty, relative to the seller's expected cost for such a warranty, so that Full Warranty is the equilibrium. When cb is high, the buyer's willingness to pay for a warranty is considerably reduced because of the high expected return cost. At a low price, however, the seller is unwilling to offer a warranty. The equilibrium is No Warranty (buyer never returns or repurchases). For intermediate values of cb, the seller finds it profitable to offer a Partial Warranty. The buyer returns units he thinks are of low quality, and disputes are possible.
This case is illustrated in Figure 1 . The values k1 and k1 that determine the boundaries for warranty types are defined in the Appendix. 
This case is similar to (a), except that the seller's warranty processing cost Cs is sufficiently high that, for cb ~ 0, 11'~~ > 11':;.ax, and Full Warranty is never an equilibrium. Now, at low values of cb, the seller maximizes expected profit by offering No Warranty, at a relatively low price. Because both price and transaction cost are low, the buyer is willing to discard units he thinks are of low quality and repurchase. This yields NR as the equilibrium. When the buyer's transaction cost is high, however, even a low price is not sufficient to induce repurchase, so that the equilibrium is No Warranty, with no return or repurchase. At intermediate values of cb, the equilibrium is once again Partial Warranty (buyer returns units he thinks are bad), at a relatively high price. Figure 2 illustrates this case. Again, k3 and k2 are defined in the Appendix, and for k 3 :::;; 0, an NR equilibrium cannot exist.
(c) Cs> (1 -q)Vh + 2q(l -q)c. When the seller's inspection cost is high, there can be no equilibrium in which a warranty is offered. Regardless of cb, the cost to the seller of processing claims makes warranties relatively unattractive to him. As in case (b), when the buyer has low transaction cost, the seller offers No Warranty, at a price sufficiently low for the buyer to repurchase after discarding perceived bad units. As cb rises, however, the seller would have to keep reducing price to induce such behavior. For sufficiently high cb, the seller does better by raising price. The equilibrium becomes No Warranty, with no return or repurchase.
This case is shown in Figure 3 . The critical value k4 is defined in the Appendix. D Examples of warranty equilibrium. The following numerical examples illustrate several outcomes, including the possibility that the equilibrium is not efficient-i.e., does not maximize expected surplus. These examples also provide a useful basis for the discussion in the next section, where they will reappear in our examination of DRM's. Because neither party observes quality perfectly, and the seller cannot "force" the buyer into the box that is best for the seller, examples (3) and (4) show that in some cases the "first-best" solution is not an equilibrium. We stress that we are not talking about "first-best" relative to a full-information setting. The equilibria in examples (3) and (4) are inefficient, in the sense of not maximizing total expected surplus, relative to the imperfect information structure of the market. In these examples, the warranty is either "too strong," as in Example (3) or "too weak," as in Example (4). In the next section we introduce a framework to explore the effects of different dispute resolution mechanisms in mitigating (or worsening) these potential inefficiencies.
Inclusion of third-party mechanism to resolve disputes over warranty performance
• In our model disputes about warranties can arise naturally through the workings of the marketplace. Whenever Partial Warranty is the equilibrium, buyer and seller can potentially disagree about warranty performance. Suppose we now extend the framework to allow for a third party (neither buyer nor seller) to adjudicate these disputes. How does the availability of such a mechanism affect the market? What happens to warranties, the likelihood of disputes, the price of commodities, the expected surplus? How do these effects depend on attributes of the marketplace and the dispute resolution mechanism?
This section proposes a way to characterize ORM's in terms of cost and information. We describe several exemplary mechanisms in these terms and illustrate the range of possible effects of these mechanisms in a series of examples.
The ORM we have in mind would work as follows. Since potential disputes arise whenever a seller denies a buyer's claim under a Partial Warranty, it seems appropriate to structure the problem so that the buyer has the option of taking the dispute to the ORM for resolution. If the buyer appeals, the ORM makes a decision whether the seller must perform under the warranty. If the ORM agrees with the buyer, the seller must comply. To close the model, we assume there are no avenues of appeal beyond the ORM, nor are there costs of enforcing the ORM's decisions. In each dispute, the ORM's decision is final. We continue to allow for the possibility that the seller performs under his warranty (either without an appeal having taken place or because he is directed to do so by the ORM), replacing the unit with a new one which may, in turn, be returned by the buyer, etc. Thus, the recursive nature of the formal structure is retained even with the inclusion ofa ORM.
One can imagine a great variety of possibilities for characterizing a ORM in more complete terms. We would like to abstract from the internal workings of the mechanism. We shall not elaborate the process the third party uses to gather evidence or make a judgment. Instead, we shall characterize a ORM by three important types of parameters: those relating to the mechanism's cost; those relating to the mechanism's precision in making judgments; and those relating to any bias of the mechanism. These parameters capture the important considerations we identified in the Introduction.
The resource cost of operating a ORM must be taken into account in any evaluation of such processes. Moreover, the way the cost is divided between the two parties may substantially alter the incentives and hence the mechanism's effects. In our notation, Cm denotes the cost of the mechanism (per appeal). The proportion of this cost borne by the consumer is a, and {3 is the proportion of this cost borne by the seller. We do not require that a+ {3 = 1. The mechanism could be subsidized by society as a whole (a + {3 < 1) or, instead, buyer and seller together may be required to pay more than the marginal cost of a dispute (a + {3 > 1 ).
Other important aspects of a ORM are defined by two parameters, q'f and q'{', which are, respectively, the probability that the mechanism rules in favor of the buyer when the unit is actually high quality (i.e., an erroneous judgment) and the probability that the mechanism rules in favor of the buyer when the unit is actually low quality (i.e., a correct judgment). 15 Using these parameters, we may define the precision</> of a mechanism as the probability of making a correct judgment, given that a dispute has arisen. This will generally depend on which return strategy the buyer follows. Two cases should be distinguished. In Case 1, the buyer always returns units under a partial warranty, and the buyer appeals all disputes. Case 2 applies when the buyer returns all units but appeals a dispute only ifhe perceived that the unit was low quality. Case 2 also applies when the buyer returns only units he perceives as low quality and appeals all disputes. Precision is then given by:
in Case 2.
In Case 2, </> is conditioned on the fact that the buyer has perceived the unit to be of low quality.
One way to define the bias 8 of a mechanism is as the probability of erring in the buyer's favor minus the probability of erring in the seller's favor. Thus, if 8 > 0, the mechanism is biased in favor of the buyer, while if 8 < 0, the bias is in the seller's favor. As with precision, the bias will generally depend on the buyer's return and appeal strategy:
Note that -1 s; 8 s; 1, and that an unbiased mechanism has 8 = 0 for both cases. One can approximate a wide range of procedures by different values of q'f and q'{'. Some interesting possibilities (of admittedly varying degrees of reality) follow. The first two are mechanisms that bring additional information to bear on the decision. The others essentially reduce to deciding outcomes by tossing a weighted coin. Many other variations are possible.
(1) The full-scale investigation or omniscient mechanism: q'f = 0, q'{' = 1. In this mechanism, the decision is always correct. The mechanism is perfectly precise and unbiased: </> = 1 and 8 = 0 regardless of the buyer's return strategy. Of course, this is a polar case, but it is worth considering because it at least gives some bounds as to how good (in an informational sense) the procedure can be.
(2) The technical expert: q'f = Qh, q'{' = q1• A neutral outside expert, such as a second mechanic in the case of auto warranties or a construction engineer in the case of a home warranty, is called in to make a judgment. This judgment is assumed to be statistically independent of the judgment previously made by the seller's inspector and the buyer.
(3) The lay judge: q'/( = q'{' = 1 -t. A lay judge has neither the first-hand experience of the buyer, nor the expertise of the seller's inspector. The judge does, however, know the average quality of this type of product (t). Therefore, this judge bases his decision only on the ex ante probability of the unit's being good. The mechanism is imprecise (cf>< 1 fort < 1) and, for q > .5, it is biased in favor of the buyer in Case 1. (But () = 0 in Case 2.) (4) The judge of insufficient reason: q'/( = q'{' = .5. Thisjudge 16 has no information about the quality of the unit. He applies the principle of insufficient reason (i.e., all states are equally probable) and, in the interest of"fairness," rules in favor of the buyer just as often as he rules in favor of the seller. In fact, this mechanism is not only imprecise (cf> = .5), but generally biased (in favor of the buyer if t ~ .5, q > .5).
The addition of a third party mechanism adds another stage to the sequence of decisions a buyer must make, and it adds one more possibility that the seller must take into account when choosing the warranty. The buyer has to decide whether to appeal if the seller refuses to grant his original claim. This decision may, of course, depend on the quality observed by the buyer.
This additional complexity does not make the problem intractable in our framework. Since disputes can occur only when a Partial Warranty is offered, a ORM changes only the values of Partial Warranty strategies-areas 5 and 6 of By altering the relative values of different warranty policies, a ORM will affect the market outcome. Some ORM's may be efficiency-enhancing-that is, they may lead to higher expected surplus (net of the expected costs of the mechanism) than would be possible in their absence. Others may have the opposite effect-they may induce market allocations that are inferior to the no-mechanism outcome.
To provide an indication of this analysis, we consider briefly the special mechanism (1), viz., the Full Scale Investigation or Omniscient Mechanism, when the buyer bears no cost of the appeal process, so that a = 0. This example has illustrative appeal since it is a polar case in terms of both the precision of the mechanism (perfect) and the cost to the buyer (free). It is also particularly simple to work with, yet still admits every possible equilibrium. In Table 2 , we indicate the expected seller costs and buyer valuations under this mechanism, with the additional assumption that t = .5. Since it can be shown that the buyer will appeal every dispute, we do not indicate in Table 2 the cases in which appeal is contingent on the quality perceived by the buyer.
This mechanism may, for some values of the parameters, create inefficiency even in markets where the no-ORM equilibrium was efficient. This can occur in a number of ways. Most obviously, if Cm is sufficiently high, then even an omniscient mechanism can never improve on the no-mechanism equilibrium. A much more interesting and surprising result, however, is that even a costless (cm = 0) omniscient mechanism may induce inefficiencies. This can occur in one of two ways. In one case, having this mechanism available moves the equilibrium from a partial warranty (in the absence of the mechanism) to a full warranty and in the other case, from a partial warranty (under no mechanism) to no warranty. The source of the problem is that under certain conditions the presence of an omniscient mechanism will induce a buyer to generate more disputes than he would have with no mechanism. As a result, the buyer will never end up with a low-quality product, but the seller will have to replace so many units that this more than offsets the surplus gain to the buyer. (Remember that the seller has no control over average product quality, t.) 4.
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c To illustrate some of the possible outcomes, we repeat our earlier simple numerical examples (and add a new one), with the introduction ofa costless omniscient mechanism. Warranty is offered, the buyer always returns units and always appeals. The seller's expected profit is maximized by offering No Warranty, at p = 12. The expected total surplus (=8) is lower in the equilibrium with the DRM than it was in the mechanism's absence.
Example (2a). t = .5, q = .75, c = 5, cb = 4, Cs = 1, Vi = 41. With no DRM, the equilibrium is Partial Warranty, price is 21.05, and expected surplus is 13.05. The buyer returns units he perceives are oflow quality. With a costless, omniscient DRM, ifa partial warranty is offered, the buyer always returns units and always appeals disputes. Now the seller's expected profit is maximized by offering a Full Warranty at p = 22.75. The expected total surplus(= 11.75) is lower with the DRM than it would be with no DRM.
Example (3). t = .5, q = . 75, c = 4, cb = 1, Cs = 2, Vi = 30. The introduction of a DRM has no effect on the equilibrium or on the maximum expected surplus. A Full Warranty is offered and the mechanism is never used.
In Example (1), the existence of a DRM not only increases surplus, but it leads to an equilibrium where disputes occur, when in the absence of the DRM no disputes took place. In Examples (2) and (2a), however, a costless, omniscient DRM induces inefficiency. In these cases, the existence of an omniscient DRM increases the buyer's willingness to return units, so that all units would be returned under a partial warranty. This increases the frequency of disputes. The seller avoids the increased cost of having more frequent disputes under a partial warranty with a DRM by offering no warranty at all (as in Example (2)) or by offering a Full Warranty (as in Example (2a)) so that disputes cannot occur.
As a foil for the omniscient mechanism, we have also computed equilibria for the costless Lay Judge DRM, with t = .5. With the costless omniscient mechanism, it cannot be optimal for the buyer not to appeal disputes ifhe makes returns under Partial Warranty. With the costless Lay Judge and t = .5, it is possible for some parameter values that the buyer returns units but does not appeal disputes. With this additional consideration, we derive buyer valuations and seller costs for the costless Lay Judge. For Examples (1) and (3), the equilibrium is the same under this DRM as with no mechanism. In Example 2, however, the costless Lay Judge DRM results in a Partial Warranty equilibrium in which the buyer returns units he thinks are low quality and appeals all disputes. Price is 15. 79 and expected surplus is 8.21. Although expected surplus is lower than with no DRM at all, it is higher than under the costless omniscient mechanism. In Example (2a), the costless Lay Judge DRM also leads to a Partial Warranty equilibrium, with the buyer returning perceived low quality units and appealing all disputes. Price is 25.76 and expected surplus is 16.5, which is higher than with no DRM or with the costless omniscient mechanism.
The focus on costless mechanisms has the virtue of isolating the incentive and welfare effects of the informational content of different DRM's. It neglects, however, two additional important considerations: the cost of the mechanism and how this cost is divided between buyer and seller. Absolute cost and the division of costs have different effects. Absolute cost affects primarily the surplus corresponding to any buyer strategy under partial warranty. The allocation of DRM cost between buyer and seller affects the equilibrium warranty, but (for given total cost) does not change the surplus corresponding to each possible warranty-buyer strategy combination.
These effects are clearly seen by considering a costly omniscient mechanism. The analysis is quite similar to the costless case, except that three additional buyer strategies are now possible with partial warranties. The additional strategies (which are never optimal when the mechanism is costless or a = 0) are:
( 1) Buyer returns all units and appeals no disputes; (2) Buyer returns all units and appeals a dispute only if he perceived the unit to be low quality; and (3) Buyer returns only perceived low quality units and appeals no disputes.
The resulting table of buyer expected values and seller expected costs differs only in the Partial Warranty column. These new values and costs for t = .5 are given in Table 3 . Inspection of Table 3 reveals that increasing acm induces the buyer to avoid disputes, either by leading him to create disputes less frequently (i.e., return only perceived low quality units) or by leading him to appeal fewer of the disputes that actually occur. This can increase efficiency of the equilibrium for the following reason. The costless mechanism may result in surplus loss because it induces the buyer to engage in dispute creating behavior (i.e., always return under partial warranty). This imposes externalities on the seller, causing the seller to avoid disputes completely by offering either no warranty or a full warranty. A mechanism that is costly to the buyer functions as a tax that internalizes this externality.
Recall that in example (2), a costless omniscient mechanism resulted in a surplus loss. In the same example, a costly omniscient mechanism can lead to a surplus gain (say, if a = fJ = .5, Cm = 5) relative to no mechanism and relative to the "free" omniscient mechanism. For very large costs, say a = fJ = .5 and Cm = 20, the omniscient mechanism will duplicate the no mechanism outcome, since disputes will never be appealed.
Discussion and conclusion
• In the product quality problem we analyzed, warranties and prices provide quality control in the marketplace. This function can be viewed as a type of "noisy" insurance, 
2c +Cs I+ 2q (I -q) although it differs from the usual notion of insurance because it does not provide any risk-sharing role, since all agents are risk neutral. "Claims" are not always legitimate (i.e., buyers may return high-quality goods when they are only insured for low-quality goods) because informational imperfections do not permit the contracting parties to distinguish perfectly between legitimate and illegitimate claims. Quality is not perfectly observable. Furthermore, legitimate claims are not always honored, again because of informational imperfections (as opposed to purely fraudulent behavior). Nonetheless, legitimate claims are more likely to be made and are more likely to be honored than illegitimate claims.
Because of informational imperfections, full insurance is not possible in the model. If quality were perfectly and costlessly observable, then the (risk-neutral) buyer could fully self-insure by repurchasing until he gets a good unit. Warranties would, at best, provide superfluous insurance. With imperfect information, this is no longer so. A full warranty provides only a single screening of quality (only the buyer screens the unit). The same is true with no warranty. A partial warranty provides a double screening of quality (both the buyer and the seller screen the unit for quality). Partial warranties may therefore provide better average quality than full or null warranties. This does not mean that partial warranties will always be better. If screening (i.e., buyers making claims and sellers processing claims) is costly, then a partial warranty may be quite costly relative to no warranty or full warranty. This cost depends on the degree of informational imperfection as well as the actual costs of making and processing claims. Consequently, the efficient warranty depends on all these factors.
The efficient warranty need not coincide with the equilibrium. One reason for this is that the seller can only partially control the buyer's returning policy by varying prices and by offering different warranties. A partial warranty may be the efficient warranty if the buyer returns only perceived low-quality units. But if the seller is unable to induce the buyer to return only low-quality units under a partial warranty, then the equilibrium warranty could be full or null. An additional source of inefficiency in our model stems from the assumption that the seller is a monopolist. If"No Warranty, Buyer Repurchases Perceived Bad Units" is the efficient outcome, the seller is not able to extract all the consumer surplus because the price required to do this is so high that it will induce the buyer not to repurchase perceived bad units. If this is the case, the seller can sometimes do better by offering a full warranty and extracting all the surplus.
An important feature of our model is that good faith disputes, or disputes over fact, occur in equilibrium between buyer and seller, and the likelihood of these disputes varies systematically with the underlying parameters of the model. One of the motivations for our approach is to analyze the impact of alternative dispute resolution mechanisms. DRM's are typically set up to affect warranties, prices, the likelihood of a dispute, and (possibly) the distribution of surplus between buyer and seller. To compare the effect of different DRM's, we have formulated a model that generates disputes, that derives some linkages between disputes, prices, and warranties, and that makes it possible to relate these to the underlying product market.
The examples we use to illustrate the comparative effects of DRM's, while suggestive rather than conclusive, do indicate that the interaction of a DRM with a market where product quality is an important consideration is quite complex. Moreover, the effects of DRM's may be quite surprising and counterintuitive because of complicated effects on buyer and seller incentives. The observation that even an "ideal" (costless and omniscient) mechanism may be far from ideal-causing either too much or too little warranty protection-seems particularly striking.
Throughout the article, we made a number of simplifying assumptions. For example, we assumed that buyer and seller are risk neutral. One could allow for risk aversion, so that warranties would serve a risk-sharing role. This would tend to reinforce incentives already present to have warranties. Because risk aversion would also obfuscate the quality control role of warranties, we took agents to be risk neutral. Additional quality levels or a quality continuum might add some realism to the model and provide a richer variety of possible warranty contracts. We expect that the basic relationships among prices, extent of warranty, and the parameters of the market would not change dramatically with the introduction of more than two quality levels.
A particularly strong assumption is that the seller has no direct control over average "intrinsic" quality, t. We know that the type of warranty policy that emerges is sensitive to this parameter, with or without a DRM. We expect that, were it not too costly, the firm might choose to adjust quality control or prescreen specific units to affect buyer claim strategies. If so, then an additional impact of a DRM would be to alter average intrinsic quality at the time of sale. Incorporating such effects would be a useful elaboration of our model.
Moving further afield from the central concern of our analytical framework, we believe there is an important set of phenomena involving legal/economic interactions that may potentially be addressed from the perspective of this model. Given the uncertainty present in most economies, contractual arrangements often involve specific references or contingencies that are inherently not observable with certainty. Because of this, whether conditions of a contract have been satisfied cannot always be treated as a clearcut event. One party may feel that the contract has been performed, while the other may not. In such situations, the particular institutions used to resolve disputes may be very important in determining contractual form and economic allocation. The simple warranty environment examined here is but one example. The type of analysis we have outlined can be adapted to evaluate different contractual contexts, and can lead to insights about the efficiency of the contractual arrangements, as well as the efficacy of different appeals procedures designed to resolve the disputes over "fact" that will naturally arise. Under Case (a) (i.e., Cs < ( 1 -q) Vi), the following variation on Figure 1 
